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ABSTRACT

This report summarizes research conducted at the Center

for Peinble Computing with the support of the Air Force

Office of Scientific Research from 1 April 1977 to 30 April

197:. Results and current work in various aspects of

comp'xer system reliability evaluation are described.
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1. INTRODUCTION

This final scientific report describcs various

activities at the Center for Reliable Computing (CRC) of

Stanford- University's Computer Systems Laboratory. Section

2 descrizes various research topics wh ich appeared in

publications by CRC personnel. Section 3 contains a list of

technical conferences and meetings attended by CRC

personnel. Section 4 contains a list of CRC personel

involved in reliability studies. The list of references in

Section 5 contains both references and CRC publications.

Throughout this report, references to CRC research

publications are identified by a *. Publications supported

by this grant are identified by a +.

The principal research results have produced

mathematically tractable means to analyze gracefully

degrading computing systems from a reliability, performance,

and diagnosibility point of view. Several actual computing

systems were used as examples of techniques described in

this report. These systems included:

1. DAIS, a multiprocessor for avionics applications,

2. PRIME, a multiprocessor developed at the

University of California at Berkeley,

t.he Stanford Linear Accelerator Center's Triplex

multiprocessor, and

4. SIRU, a dual redundant computer for navigation and

control in avionics.
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The testing of digital circuits for both permanent and

intermittent failures was also extensively studied resulting

in reasonable and practical methods for random and

deterministic testing strategies. Design techniques for

producing self-checking circuits which avoid duplication

were shown to be useful in combinational circuit design.

Redundant digital systems, resilient to synchronization and

data matching problems, were described as well as design

techniques for achieving tolerance to these failures.
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2. RESEARCH DESCRIPTION

This section describes research efforts focussed on

various asoects of the reliability evaluation of computer

systems. UzcCluskey* [1977+] discussed the importance of

reliabiii-v and maintainability in the design of computer

architectures. Reliability evaluation of fault-resistant

systems concentrated on a study of gracefully degrading

(also called fail-softly) computing systems, simulation

techniques for reliability evaluation, and communication

strategies for fault-tolerant computer networks. System

level reliability analysis included studies of various

multiprocessor computer systems. Computer system component

reliability evaluation concentrated on the problems involved

in testing and dcsigning digital circuits.

2.1 RELIABILITY EVALUATION OF FAULT-RESISTANT COMPUTER

SYSTEMS

The major modeling effort concentrated on fault-

resistant computer systems. Fail-softly or gracefully

degrading computing systems react to a detected failure by

reconficjuring to a state which might have a decreased level

of perfzr....nc. For example, if a single processor of a

mul-ijr-cessor system fails, the system may continue to

operate without the faulty processor, but will have

3



decreased performance until the processor can be repaired

and then reconfigured into the system. Three areas

particularly relevant to the analysis of such systems were

studied at the Center for Reliable Computing:

1. analytic modeling,

2. appropriate reliability measures, and

3. diagnosis models.

Other research explored the use of a general purpose

simulator to study simulation as a means of reliability

evaluaticn in digital systems. The problems of fault-

tolerant communication in computer networks were also

examined.

The use of Markov models for the reliability evaluation

of gracefully degrading systems was described by Losq*

[1977]. His model analyzed the effects of failures on such

systems and took into account the internal structure of the

hardware, the characteristics of various detection

mechanisms, and the unreliability of software. The system

was partitioned into resources, e.g. processing, memory,

and operating system software, and each resource was modeled

independently. System optimization gave the best number of

modules in a reso',rce and demonstrated the trade-offs

between hardware and soft ware detection mechanisms. The

model rrvided values for the system availa bility, mean time

before failure (VITBF) , and the proportion of time that the

4



system spent in degraded modes.

Many important sources of system failure are not

adeauate<v modeled by techniques whicII require the

assum t : r of constant failure rates. Beaud rv* [1979R+]

discusse, r.he probabilistic structure of several sources of

computing system failure. Non-homogeneous Poisson processes

provided the mathematical framework in which to model these

failure mechanisms. The detection latency of a physical

failure is the time which elapses between the occurrence of

the physical failure and the detection of that failure at

the system level. The rate at which detections of physical

failures occur is dependent on the failure rate, the system

testing strategy, and, very importantly, on the usage

characteristics of the failed circuit or system. If the

system usage varies during operation of a computing system

t h -u t2ct.on r :!so vary. Non-homogeneoiv3

Poisson processes provided a model for such time-dependent

phenomena in computing systems with varying usage

characteristics.

Bea ud.fy* [1973,1977,1978A+,1978D+J studied measures

which were particularly relevant to the reliability

eva :a-o2 of gracefully degracding systems. Differences in

per:r z7 e levels led to consideration of the computation

casa y of a system as the amount of useful computation
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(considering such performance factors as execution speed,

throughput, response time, overhead and user demand) per

unit time available on the system. The mean computat-ion

before failure, MCBF, and the computation availability were

defined for such systems. These measures evaluated the

system in terms of its capacity to execute computing tasks.

Markov models permitted the development of measures to

analyze the effects of distributing the computation load in

a multiprocessor or gracetuily degradirig system. These

measures were especially useful wrhen evaluating systems

where both reliability and performance were important.

The problem of self-diagnosis of multi-unit digital systems

was considered by Blount* [1977A,1977B,1978D+, 197FE+]. In

soh systems, each unit can test other units and/or be

tested by other units. The system test consists of running

and compiling test results from all unit tests in the

system. As a result of the system test, a decision is made

regarding the fault status (faulty or fault-free) of each

ual!L. In Elouit* [197CC',197SE+], proredures were developed

for calculating probabilistic diagnosability measures for

systems that could be modeled in earlier graph-theoretic

diagnosis models. This model was extended by allowing the

modeling of self-testing units and including the

uncertain:ies and imper fectins of the testing process.

Procedures were given for calculating:
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1. thLe probability that a Spec if i ku' faLt c ond it io n

; S correctly d iaqno ed , and

2. the probabil ity that corre-ct d iagnosis is per forimeCd

'-n - systemn test is per formed.

A, ;rs :a ur u wa s al1so v ien f or d or i v i rug ai( d- nag lS i S

s tr ategjy t h at re-,s u1t s i n opti mal 1 -y-,- L.c m-w id d(-(Ii agfno sib i -Jt y.

mhi mo C, ,, f or m ed the ba sis for a study of di jagnosis in

fail n rftl y or g ra-cefully decqrad ing computer -7 Str Ms. I f a

systori i S to s u rv ive a f a iIu re, f ouLr StiePs iiuS t be

suc ess f U!lly t ake n:

I1. the f aul t nmust be dectec ted,

2. thIe : f aul t m ust be acc ura tel y d i agno sec,

3. the faulty unit must be removed f rom thle system,

ain -1

41 the data baise and system softw,.are must he returned

to some acceptable state.

BloIcunt* [l 7PA+,j9'7CPB±,197S9E±3 allowed the decision step of

the diig--n-sis procedure to be implemented by a Set Of faulty

and/or fault-freO units, thereby modeling a possible source

of err.', <;i the diagnosis process.

7Z n * [1977B+,1977D+J Cescribed a" sim-,ulation

p 3C- si g neC' to evzluate the reliability of digital

S y :T7he simulator was designed to model many d if ferent

type f yemat varying level s o f detail. The user %.,as

7



given the capability to use the elements of the model in the

way best suited to simulating the operation of a system in

the presence of faults. The simulation package then

generated random faults in a model using a Monte Carlo

analysis to obtain reliability curves. When compared with

other types of simulators, this simulator was found to

provide a greater degree of flexibility in specifying the

mode' for the system.

Betancourt* [1979+] presented an excellent survey of

available reliability evaluation computer programs. These

programs can be classified into three main categories:

1. Fault tree analysis,

2. Reliability equations, and

3. Markov chain models.

References are provided for each procram as well as a

description of the computer language, input, output and

underlying model.

The quality of service provided by a computer network

is extremely sensitive to the performance of the

inter-co m ter communication networ. The loss of

communicction links or centers causes transmission delay,

con 11 gt and call disconnect networks. Losq*

[] i7a-,UTJb-+ studied structures for communication

netxo: that minimize the effects of failures on



performance. He proposed a measur- for the failt-tolerance

of store-and-forward packet switching networks which defined

operational limits within a worst case response time.

Properties of the networks led to simplification of routing

algorithms and reconfiguration following failures.

2.2 SYSTEM LEVEL RELIABILITY ANALYSIS

Several actual computer systems have been analyzed

using both analytical modeling and simulation. Losq*

[1977] appiied his model to the PRIME system to de-ive the

MTBF and availability of that system. The analysis examined

both hardware and software failures and studied the effect

of testing and hardware detection mechanisms on the overall

system reliability.

Beaudry* [l197A+,l978B+,]97CC+] examined the effects of

variations in system workloads on the overall system

reliability and performance. A relationship was

demonstrated between the system failure rate and the user

demand for system resources. In particL:lar , a strongj

relationship was shown betvween the arrival rate of batch

jobs in a large multi-rocessor and the failure rate of that

multiirocassor computing system. Eeaud ry* [197SA+, 1978E+]

presz-n-e- an extensive statistical analysis of failures in

the SLAC (Stanford Linear Accelerator Center) Triplex

9



multiprocessor. The analysis demonstrated the effect of

system workload on t1,e overall reliability.

Performancc-related as well as traditional reliability

measures were calculated; hardware, software and

operEt ,cr- -- cuced system failures were taken into account.

The behavior of time-dependent failure rates was

studied by Beaudry* [1979B+] in two computer systems, the

SLAC Triplex multiprocessor and DAIS, a multiprocessor

system for avionics applications. Recurrent failures occur

when the recovery process following a failure in a computing

system is incomplete or incorrect. Such failures were shown

to be a significant source of system down time in the SLAC

Triplex multiprocessor. Recurrent failures were also shown

to be a critical consideration in the DAIS architecture.

Blount* [1978A+,l978B+,1972E+] studied the PRIME sysi m

and determined the sensitivity of the system diagno-ibili 1

to various levels of test quality. le took into account th

imperfections in both the system test and the decision steps

of the diagnosis process. This study demonstrated the use

of fail-scftly systems diagnosis models as a research tool

for the -Eneral study of diagnosis techniques.

IRU dual redundant system was extensively analyzed

by Th=.ps:-n* [1977A+, 1977C+] using simulation to evaluate

10



the proposed design of this dual computer system. The

system was modeled in sufficient detail to study the effects

of certain design changes on the overall reliability. This

study demonstrated that this simulation teclirique could be

applied to complex systems and derived the conditions

necessary to obtain a desired confidence in the results of

the analysis.

2.3 COMPONENT LEVEL RELIABILITY ANALYSIS

Digital circuits must be designed to provide for both

testability and maintainability. In [McCluskey*, 1978A+,

1978B+], current techniques and issues in design for

maintainability and testability are surveyed. CRC studied

various testing strategies for intermittent and permanent

failure detection, as well as issues involved in the

reliable synchronization of redundant digital systems.

In digital circuits, intermittent failures are

extremely difficult to detect. Their effects can disappear

when a test is run and yet produce incorrect outputs. Losu*

[l978D+,1(Y78E+] studied the efficiency of test procedures to

detect intermittent failures in combinational circuits. One

of the factors contributing to the complexity of random

test- ,- -  she fact that testing can never -uarantee that a

circuiz is free from intermittent failures. As a

11



consequence, testing becomes a probabilistic problem and

requires 7iuch information about the statistical properties

of the failures and their effects on the circuit. If all

this infor~ation is available, then it is possible to find

the bes: test sequence and also to evaluate the confidence

that the circuit is fault-free at the end of a test sequence

when no error indication has been detected. The best test

strategy is deterministic: it involves a given test

sequence, or more exactly, a series of test sequences,

depending upon the desired length of the test. This study

of detection of intermittent failures in combinational

circuits leads one to believe that the same results may

apply to sequential circuits.

Random compact testing uses random inputs to test

digital circuits. Losq* [1978C+] studied the achievement of

fault detection by comparing some statistic of the circuit

under test, e.g., the frequency of logic ones at an output,

with the value of that statistic previously determined for

the fault-free circuit. He concluded that random compact

testin g can efficiently detect failures in both

combinational and sequential circuits. Even though random

compact testing cannot guarantee a specific confidence in

its ests, it is still an efficient way to detect most of

the :ai-ures that can occur in circuits. With testing

e .xpnr-,ts of sufficient length,,a very high detection

12



coverage can be obtained.

A gneral method for predicting the parity of the

output C circuits that have one or more N bit wide inputs

and P S 1. le N bit wide output is discussed by

Khodadc- .iostashiry* [1979A+,1979B+]. Error detection

properties of the method are discussed for several special

cases, e.g., bit-sliced circuits and iterative circuits.

When these circuits are fault-free, the output parity can

always be calculated in such a way as to preserve any single

input error. The error detection properties of the circuit

depend on the structure of the circuit. Some design

techniques to improve these detection properties are

presented. The output parity of any bit-sliced or iterative

circuit can be predicted and the resu2ting circuit can bp

designed so that it is totally self-checking with respect to

any single stuck-at fault. This property can also be

demonstrated for circuits which have the following

restrictions:

1. Only inputs have fanout.

2. Each fanout has only two outputs.

The nain advantage of this scheme over duplication is the

error--reserving property which allows a minimal number of

checKers zc assure detection of permanent failures. The

met-zc :s especially suitable for byte-oriented circuits and

iterat ive circuits.

13



Davies* [1979+] identified concepts and defined terms

useful in the study of synchronization and data matching in

the presence of faults. A new class of faults having

particul:r effect on redundant systems was described. Three

general ethods for performing synchronization and data

matching were given and evaluated. Three examples were

described to illustrate the general method:

1. a fault-tolerant clock,

2. a triple modular redundant microcomputer system, and

3. a quadruple redundant process controller.

This work provided a comprehensive guide to design

techniques for reliable redundant systems.

14



3. MEETINGS

In addition to publishing scientific articles, CRC

personnel participated in various technical conferences and

meetings including:

1. NAECON, in Dayton, Ohio, during May 1977, attended

by Prof. E.J. McCluskey and Dr. J.J. Losq,

2. FTCS-7, the Seventh Annual International Conference

on Fault-Tolerant Computing, in Los Angeles,

California, during June 1977, attended by Prof.

E.J. McCluskey, Dr. J.J. Losq, Dr. M.D.

Beaudry, Dr. M.L. Blount, anu P.A. Thompson,

3. the 1978 IEEE International Solid-State Circuits

Conference, in San Francisco, California, during

February 1978, attended by Prof. E.J. McCluskey,

4. the Fifth Annual Symposium on Computer Architecture

in Palo Alto, California, during April 1978,

attended by Prof. E.J. McCluskey, Dr. M.D.

Beaudry, Dr. M.L. Blount, and P.A. Thompson,

5. FTCS-8, the Eighth Annual International Conference

on Fault-Tolerant Computing, in Toulouse, France

during June 1978, attended by Dr. M.L. Blount,

6. 'N'CC, the 1978 National Computer Conference, in

Anaheim, California, during June 1978, attended by

Prof. E.J. McCluskey and Dr. M.D. Beaudry,

15



7. the Third USA-Japan Computer Conference, in Can

Francisco, California, during October 1978,

attend ed by Prof. E.J. McCluskey, Dr. M.D.

e -dry, and P.A. Thompson,

63 -o Fourth Symposium on Computer Arithmetic, in

Santa Monica, California, during October 1978,

attended by Prof. E.J. McCluskey and Dr. M.D.

Beaudry,

9. GOMAC, the Government Microcircuit Applications

Conference, in Monterey, California, during

November 1S78, attended by Prof. E.J. McCluskey,

10. COMPCON 79, in San Francisc , - tifornia, Dur-iII

February 1979, attended by Prof. E.J. McCluskey

and Dr. M.D. Beaudry,

11. the NASA workshop held by the Working Group on

Validation Methods for Fault-Tolerant Avionics

and Controls, in Hampton, Virginia, during March

1979, attended by Prof. E.J. McCluskey, and

12. the Second Annual Workshop on Design for

Testability, in Boulder, Colorado, during April

1979, attend-d by Prof. E.J. McCluskey.
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4. PERSONNEL

4.1 CURRENT PERSONNEL

Principal investigator: E. J. McCluskey, Professor of
Electrical Engineering and Computer
Science

Research Staff: M. Danielle Beaudry, Research Associate
Electrical Engineering

Visiting Professor: John P. Hayes, Dept. of Electrical
Engineering and Computer Science
University of Southern California
Los Angeles, California

Research Assistants: Steve Butner, Electrical Engineering

Peter L. Fu, Electrical Engineering

Biehzad Khodadad, Electrical Engineering

David j. Lu, Electrical Engineering

Daniel miller, Electrical Engineering

4.2 PAST PERSONNEL

Research Staff: Jacques Losq, Electrical Engineering

Rodolfo Betancourt, Electrical Engineerinc

Roy C. Cgus, Electrical Engineering

Research Assistants: Marion Elount, Electrical Engineering

Daniel Davies, Electrical Engineering

Peter A. Thompson, Electrical Engineering
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DESCRIPrION OF rME

CENrTER FOR RELIABLE CCM'PUTING

GENEPRAL IFO??"AION

The Center for Reliable Computing, CRC, was created in 1976 to
coordinate the research efforts in the domain of fault-tolerant
computing. The center is part of the Computer Systems Laboratory. The
Digital Systems Laboratory, created in 1969, has expanded greatly since
that time and it has become appropriate to consolidate all th- research
oriented towards reliable computing under a single organization. The
trend towards increased proliferation of comput-er systems in many
critical applications and the continual demand for added safety and
reliability motivated this regroupment.

The goal of the Center is to provide design methods and evaluation
techniques that will meet the designer needs for present-day and future
systems. The three major areas where most of the attention is centered
are: the problem of testing, diagnosis and recoverY; the evaluation of
the various techniques used to enhance reliability; and the problem of
software correctness.

BACKGROUND

This note presents a short suTxmary of the reliability related
research performed the Digital Systems Laboratory and continued at the
Center for Reliable Coimputing. Initially, the research was focused on
two main areas: fault properties and design of reliable operating
systems.

Fault Properties and Testing

Faults inside digital circuits were extensively analysed for their
effects nn circuit behavior, [McCluskey, 1971; Boute, 1971; mei, 1974],
and also for their testability, [Nei, 1970; Boute, 19721. This work led
to pro that provide efficient tests for comibinatinnal, [wang,
_1975A; . 5--; Dias, 1975; Verdillon, 1975: Verdillon, 1976; Sziray,
1977A; Szi- ;<, 1977B], and secnuential circuits [Chesarek, 1972; Boute,
1974A; 294ulL 1975]. Special types of networks, such as
mate -s and iterative logic arrays, were the object of special
atter .- werful testing strategies ere developed for them
B "r a- , 73; Dias, ]9",]. An algebraic model of combinational
mic n :s :;as developed in order to to simplify test generation

proce_ r Igg, 1973], and was later refined (Resse, 1973]. The work
on falt p2erties led to the investigation of the statistical

23



correctness of the outputs of circuits that have suffered internal
failures (Parker, 3975A; Parker, 1975B; Ojus, 1974A; McCluskey, 1978;
Parker, 1973]. Subsequently, it became possible to quantitavely
evaluate -- efficiency of both randoi testing techniques
[Shedletsky, 1775A; Shedletsky, 1975B; Shedletsky, 1976A; Shedletsky,
1976B; h-_ ......Sky, 1977] and compact testing methods [Pa,ker, 1976A;
Losq, 19'16': osq, 1977B; Losq, 1978A] for both combinational and
sequentia. circuits. Studies in this area also pointed to the
practical a'vanages of a dynamic approach when choosing among randXa
inputs for the candidates with the highest potential for detection of
failures [Parker, 1973; Parker 1976B]. More recent work has produced
many optimal strategies to test for intermittent failures [Savir, 1977A;
Savir, ]977B; Savir, 1977C; Savir, 1977D; Losq, 1978B].

Design of Reliable Operating Systems

The original work on operating systems was centered around the problem
of parallelism. Design and verification methodologies were obtained,
[Bredt, 1971A; Bredt, 1971B; Bredt, 1971C; Bredt, 19731, and we were
able to evaluate the various power of parallel system moels such as
Petri Nets and P-V systems [Peterson, 19741. This work also led to the
formal proof of direct correspondance between Petri Nets and final state
machines and Turing machines [Peterson, 1976]. Subsequently, the
investigation was broadened to include hierarchical design methods
[Bredt, 1974; Saxena, 1975] and the associated verification problems
(Saxena, 19761. New languages for efficient specification of interrupt
processing were developed along with formal verification methods and
studies of the fault-tolerance of real-time systems [Phillips, 1976].
The resynchronization problem for parallel systems following the
detection of errors was also investigated [Russel, 19751. Recent work
has been focused on verifying the correctness of concurrent programs
[wicki, 1977A; Owicki, J977B].

Ultra-Rei 1 -b Computer Systems

A th _ cec of study, on structures for fault-tnlerant systems, was
initia-d emrly in the progran. Hybrid redundancy received much
attent.-0 A. very efficient design was obtained, (Siewinrek, 1973A),
and c: .=liability evaluation was performed [Siewiorek, ]973B;
Ogus", . This did point out their extreme sensitivity to the
unr.I the fault-detectinn and switching mechanisms [Losq,
2975]) Z iiicant performance increase was obtained by incorporating
s-:rance inside the fault-detection and switching mechanisms

Ogus I . Alternatives to hybrid redundancy were also actively
studic.. effects of compensating failures in NMR systems were
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analyzed [Siewiorek, 1971; Siewiorek, 1974]. An algorithm for the exact
reliability evaluation of riTIR networks was obtained [Abraham, 1974].
Similarly, interwoven redundant systems were also precisely evaluated
(Abraham, 197r'. Self-purging redundancy was shown to offer significant
advantages o.er hybrid redundancy for many applications [Losq, 1974;
Losa, ]976A; 7osq, 1976B]. A practical design of a small TMR processor
using LSI techology has been undertaken [Wakerly, 19753; Wakerly,
1975C; 1 ', 1976] . Duplex systems, because of their broad use, were
also the focus of much attention [Beaudry, 1977A]. Analytical models
were developed, [Fregni, 1974A], and special care was taken to
incorporate the effects of incomplete or faulty recoveries [Fregni,
1974B]. A powerful and general simulator was developed in parallel with
the analytical models [Thompson, 1976; Thompson, 1977A]. This
simulator, which allows different subsystems to be described at
different level of dctails, was used to determine very accurately the
reliability of a dual redundant avionic systemn [Thompson, 2977B;
Thompson, 1977C]. A different approach to evaluate highly redundant
systems is presently being investigated. It consists of a general and
automatic method to list all the combinations of failures that cause
system crash [Losq, 1977C; Losq, 1977D].

Comaputer Systems with High Availability

At the same time, much work was devoted to the design and evaluation
of systets with more molest reliability requirements. Immediate error
circuitry [Usas, 1975B]. The problem of detection of errors in periodic
signals, like clocks, was solved [Usas, 1974; Usas, 1975A; Usas, 1976].
Currently, a design of a LSI-based version of a self-checking computer
is being completed [Wakerly, 1975D]. Much of the present effort in
analytical modeling is directed towards tha evaluation of gracefully
degradable systems [McCluskey, 1977]. Analytical models which emphasize
the computation reliability rather than the traditional system reli-
ability have provided a method to quantify the effects of failures
[Beaudry, 1977B; Beaudry, 1977c ; Beaudry, 1977D; Losq, 1977A].
Attempts have been made to obtain very accurate models for the the
efficiency of the various recovery strategies [ Blount, 1977A; Blount,
1977B]. Also, there is continued work on peripheral device reliability
especially through the use of self-checking design [Lu, 1977).

.- --- . noe detailed surveys of the research at the Center for
Relic- .- ::in~g have been prepared [McCluskey, ]975A; McCluskey,
197 ;>:2xuE:57, 1976].
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Apologies are offered to all researchers, both at Stanford and
elsewhere, whose work was not included. Space does not allow mention of
all the work -.ne at Stanford and no atte;.pt has been made to credit the
excellent rzsa:rch being carried out elsewhere because of this same
limitation.

FACILITIES

The Center for Reliable Computing is located in the Electronics
Research Laboratory (ERL), on the Stanford campus. The Center takes
advantage of the use of several laboratories, computing centers and
libraries.

Laboratories

- Digital Design Laboratory, in ERL
. intended for small circuit design

- Microprocessor Laboratory, in ERL
* intended for the developnent, at prototype level, of microprocessor
based systems

* equipped with two Intellec, floppy disc based, development systems

-Testing Laboratory, in FRL
* intended for test generation for logic boards
* equipped with H.P. TEST-AID system

Computing Centers

- PDP 11/20 system, in ERL
intended for local computing by the personnel of the Digital Systems
Laboratory

- IBM 3'70/6S system, Stanford Center for Information Processing (SCIP)
- lar.e t- L-shared computing center

-PDP 10 system, Artificial Intelligence Project
* lar t -shared computing center running mostly LISP and SAIL-type

lan: s

- PD? I system, Low Overhead Time-Sharing System (LOTS)
* l ::-s:red computing center, intended for terminal-oriented

- ACcLe h A network
S,,e IH4P in ERL and one node at the Artificial Intelligence

P E- t11uilding
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Libraries

- Stanford En-ineering Library, Main Library building
- Computer Science Library, Polya building
- U.C. Berkele Libraries through an exchange agreement between Stanford

Libraries ard the Libraries of the University of California, Berkeley

CURRENT PERSOLIEL

Director : E.J. McCluskey, Professor, Electrical Engineering
and Computer Science

Faculty : W. vanCleemput, Assistant Professor, Electrical
Engineering and Computer Science

: S.S. Owicki, Assistant Professor, Electrical
Engineering and Computer Science

: D. Luckhai, Adjunct Professor, Electrical
Engineering

Senior Research Staff: M.D. Beaudry, Research Associate, Electrical
Engineering

Research Assistants : S. Bozorgui-Nesbat, Electrical Engineering
: W. Cory, Electrical Engineering
: D. Davies, Electrical Engineering
: P.L. Fu, Electrical Engineering
: D. Gifford, Electrical Engineering
: D.D. Hill, Electrical Engineering
: B. Khodadad, Electrical Engineering
: D.J. Lu, Electrical Engineering
: T. Minoura, Electrical Engineering
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